Nogo-A, a membrane protein enriched in myelin of the adult CNS, inhibits neurite growth and regeneration; neutralizing antibodies or receptor blockers enhance regeneration and plasticity in the injured adult CNS and lead to improved functional outcome. Here we show that Nogo-A-specific knock-outs in backcrossed 129X1/SvJ and C57BL/6 mice display enhanced regeneration of the corticospinal tract after injury. Surprisingly, 129X1/SvJ Nogo-A knock-out mice had two to four times more regenerating fibers than C57BL/6 Nogo-A knock-out mice. Wild-type newborn 129X1/SvJ dorsal root ganglia in vitro grew a much higher number of processes in 3 d than C57BL/6 ganglia, confirming the stronger endogenous neurite growth potential of the 129X1/SvJ strain. cDNA microarrays of the intact and lesioned spinal cord of wild-type as well as Nogo-A knock-out animals showed a number of genes to be differentially expressed in the two mouse strains; many of them belong to functional categories associated with neurite growth, synapse formation, and inflammation/ immune responses. These results show that neurite regeneration in vivo, under the permissive condition of Nogo-A deletion, and neurite outgrowth in vitro differ significantly in two widely used mouse strains and that Nogo-A is an important endogenous inhibitor of axonal regeneration in the adult spinal cord.
Introduction
Neurite growth in the adult injured CNS of higher vertebrates is limited to distances of often Ͻ1 mm (Schwab and Bartholdi, 1996; Schwab, 2002) . Specific neurite growth inhibitory factors were found in the adult CNS in which they are particularly enriched in the axonal myelin sheaths (Caroni and Schwab, 1988; Schwab, 2002; Filbin, 2003) . Scars represent an additional mechanical and biochemical barrier (Fitch and Silver, 1997; Bradbury et al., 2002) . Functional importance of these factors has been demonstrated in vivo by inactivation experiments, in particular with regard to scar-associated chondroitin sulfate proteoglycans (Bradbury et al., 2002) and to Nogo-A (Schwab, 2004) . Nogo-A is a protein with potent neurite growth inhibitory activity. It is enriched in CNS myelin and was the first discovered neurite growth inhibitor in the adult CNS (Caroni and Schwab, 1988; Spillmann et al., 1998; Chen et al., 2000) . In vivo studies in rats using neutralizing antibodies against Nogo-A ( Schnell and Schwab, 1990; Brosamle et al., 2000; Merkler et al., 2001; Liebscher et al., 2005) , an activity-blocking receptor fragment (Fournier et al., 2002; Li et al., 2004) , or peptides blocking the Nogo receptor subunit NgR (GrandPrè et al., 2002) showed successful regeneration of corticospinal tract (CST) axons over long distances and significant enhancement of functional recovery (Schwab, 2004) . Although some other proteins that inhibit neurite growth in vitro have been found in CNS myelin, including MAG, oligodendrocyte myelin glycoprotein, netrin-1, semaphorin-4D and -5A, and ephrinB3 (Filbin, 2003; MoreauFauvarque et al., 2003; Goldberg et al., 2004; Schwab, 2004; Benson et al., 2005) , in vivo evidence for enhanced regeneration after injury is still missing for all of these candidates.
Nogo-A-and -A,-B-specific knock-outs revealed an enhancement of CST regeneration in the partially transected spinal cord in two laboratories (Kim et al., 2003; Simonen et al., 2003) , but this effect was not observed by a third group (Zheng et al., 2003) . Finally, a Nogo-A,-B,-C knock-out line bred from a single animal that escaped lethality also did not show enhanced regeneration (Zheng et al., 2003) . Like for the majority of the conventional knock-out studies, all the three Nogo studies used embryonic stem (ES) cells of the 129X1/SvJ (Sv129) strain injected into C57BL/6 (BL/6) blastocysts, and the analyzed mice were early generation chimeric animals. Such lines always contain unknown proportions of 129X1/SvJ and C57BL/6 genetic background, i.e., of two inbred mouse strains that differ in many aspects of their phenotypes. Although so far not studied, these genetic differences could also concern the endogenous regeneration potential of neurons. To study the effect of Nogo-A deletion under clearly Regenerative sprouting in wild-type and Nogo-A knock-out mice after spinal cord injury. In wild types, sprouts (thin arrows) are short (A, B). In knock-out mice (KO), sprouts elongate over ventral tissue bridges toward the caudal spinal cord in both strains (C, D). Many sprouts end at the scar in all of the animals (thick arrow). Scale bar, 68 m. E, Quantification of regenerative sprouting of the transected main CST axons rostral to the lesion in wild-type (wt) and homozygous Nogo-A knock-out (KO) animals of the Sv129 and the BL/6 strain. Sprouting was assessed by two experienced observers using a 0 -3 point scoring scale. *p Ͻ 0.02 (Mann-Whitney U test).
peritoneal injection of Hypnorm (Jansen Pharmaceutica, Beerse, Belgium) and Dormicum (Roche Pharma). A partial laminectomy was performed at the thoracic level T8. After opening the dura, the spinal cord was lesioned with the help of fine iridectomy scissors to produce a bilateral lesion of the dorsal and the dorsolateral funiculi and the dorsal horn. The resultant bleeding was usually minor and easily stopped with Gelfoam. The muscle layers over the laminectomy were sutured, and the skin on the back was closed with surgical staples. After closure of the wound, animals were passed to a second surgery in which they received injections of biotin dextran amine (BDA) (10,000 molecular weight; 2% solution; Invitrogen, Carlsbad, CA) into the sensorimotor cortex to label the CST (four injection sites, 0.5 l each). The scalp was opened, a hole was drilled into the scull overlying the sensorimotor cortex 1 mm lateral and 1 mm posterior to bregma, and BDA was injected. Animals were killed 2 weeks after injury [homozygous Nogo-A knock-outs (n ϭ 10 and n ϭ 15 for Sv129 and BL/6, respectively) and wild types (n ϭ 10 and n ϭ 15 for Sv129 and BL/6 respectively)].
Histology and analysis of CST reaction to injury. Two weeks after spinal cord injury, the mice received an overdose of the anesthetic Nembutal (75 mg/100 g body weight; Abbott Laboratories, North Chicago, IL) and were perfused with 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.6 with 5% sucrose. The spinal cords were removed and postfixed overnight at 4°C. On the following day, the tissue was placed for 1-2 d in 30% sucrose in phosphate buffer for cryopreservation. The thoracic and lumbar parts of the spinal cord were dissected, so that a piece of ϳ2 cm, comprising the lesion and ϳ15 mm of the spinal cord caudal to the lesion, resulted. Cryostat sections of 25 m were cut in the sagittal plane, mounted as a continuous section series on slides, and stained for BDA using a nickelenhanced diaminobenzidine protocol (Herzog and Brösamle, 1997) . The sections were then air dried, dehydrated, and coverslipped.
Quantification of regeneration properties. The number of labeled axons was counted at different levels, i.e., 0.5, 2, and 5 mm caudal to the lesion in bright-field illumination on all of the five to seven adjacent sections of the traced half of the spinal cord at a magnification of 400ϫ. Regenerative sprouting of the transected main CST axons rostral to the lesion was judged by two experienced observers using a 0 -3 point scoring scale (0, no sprouting; 1, single and short fine fibers; 2, longer fibers, rarely reach the lesion, rarely growth cones; 3, dense fine outgrowth of curved fibers from the main CST toward and around the lesion, frequent growth cones). All of the animals were number coded and randomly mixed during the whole course of the evaluation. The Mann-Whitney U test was used for statistical analysis.
Dorsal root ganglion explants and quantification. Sv129 and BL/6 wild-type lumbar dorsal root ganglia (DRGs) at postnatal day 0 -1 were dissected, trimmed of connective tissue, and cultured for 3 d in the presence of 50 ng/ml nerve growth factor (NGF) on poly-L-lysinecoated plates, as described by Niederost et al. (2002) . The neurite density was assessed as the number of neurites crossing a line placed at 200 m from the edge of the DRG within one quadrant. The length of DRG neurites was measured under a phase-contrast microscope at the magnification of 10ϫ. The average distance of the three longest neurites between the edge of the explant and the tip of the maximally extended neurite was designated as the maximal neurite length. Values obtained are expressed as a mean of three independent experiments.
Microarrays. Lumbar spinal cords from three naive, non-injured, wildtype, and knock-out male mice (3 months of age) per strain and genotype were dissected and immediately frozen in liquid nitrogen. For lesion Figure 3 . CST axons caudal to the lesion and quantification of regeneration in Nogo-A knock-out and wild-type animals of different strains. A, B, Low magnification of sagittal spinal cord section with injury site (asterisk), transected CST, and axons coursing into the caudal spinal cord (arrows). A, Wild-type animal without CST fibers caudal to lesion. B, Knock-out mouse with regenerating fibers. C-F, CST fibers (arrows) in the caudal spinal cord of Nogo-A knock-out animals at 2 mm (C, D) and 5 mm (E, F ) from the lesion. Fibers are fine and show a typical irregular course. They are more numerous in the Sv129 (C, E) than in the BL/6 (D, F ) animals. Scale bars: A, B, 520 m; C-F, 68 m. G, Percentage of the animals of the different strain and genotype groups showing CST fibers at two or three of the three counting levels caudal to the injury. H, Quantitation of labeled CST fibers found in white and gray matter of wild types (wt) (n ϭ 8 and 13, respectively) and homozygous Nogo-A knock-out (KO) (n ϭ 9 and 15, respectively) mice of the Sv129 and the BL/6 strains at 0.5, 2, and 5 mm caudal to the lesion. Bars represent mean Ϯ SEM values. *p Ͻ 0.05, ***p Ͻ 0.0006 (Mann-Whitney U test). microarray experiment, five female mice (6 -7 weeks old) of each genotype and strain were lesioned as described above (see Spinal cord injury and corticospinal tract tracing). Six days after the lesion, we performed a Basso Mouse Scale behavioral analysis for open-field locomotion. We chose four of the five mice per category with the most similar score to use for microarray analysis. One week after the lesion, we dissected 1 cm of the spinal cord with the lesion site in the middle and immediately froze it in liquid nitrogen. For probe preparation, procedures described in the Affymetrix (Santa Clara, CA) GeneChip Analysis manual were followed. Biotinylated cRNA was hybridized onto Affymetrix Mouse Genome 430 2.0 arrays, which represent Ͼ45,000 probe sets, in the Affymetrix fluidics station 450, and the chips were then scanned with the Affymetrix Scanner 3000. Each chip was used for hybridization with cRNA isolated from one spinal cord sample from a single animal in a total number of 28 samples. Results were subsequently analyzed using the Affymetrix Microarray Suite 5, followed by the Genespring 7.2 (Silicon Genetics, Redwood City, CA). We applied a present call filter (two of three at least in one of the two strains for naive, non-injured spinal cord samples and three of four for the lesioned spinal cord samples), fold change thresholds (Ͼ1.5/Ͻ0.66 or Ͼ2/Ͻ0.5), and ANOVA, with p Ͻ 0.05.
Inflammation and scar formation. For immunohistochemistry for the activated microglia/macrophage marker FA/11 (Rabinowitz and Gordon, 1991) and for GFAP, 25 m cryostat sections of the nontraced half of the spinal cord were incubated with the primary antibodies FA/11 (hybridoma supernatant at 1:20; generous gift from Dr. V. H. Perry, University of Southampton, Southampton, UK) or ␣-GFAP (rabbit antiserum, 1:2000; Chemicon, Temecula, CA) overnight at 4°C. Specifically bound antibodies were detected by HRP-coupled secondary antibodies.
Microglia/macrophage invasion was scored on a 0 -3 point scale taking the following parameters into consideration: the number and tissue density of FA/11-positive cells in lesion center and in the surrounding tissue and the size of infiltrated area. Astrocytic scarring reaction was scored (0 -3 points) by considering the area containing strong GFAP-positive cells and the process network density.
Results

Nogo-A knock-out mice
Nogo-A (200 kDa, 1163 aa) differs from Nogo-B (55 kDa, 357 aa) by the insertion of a large 787 aa exon (exon 3). A Nogo-A knockout mouse was generated by homologous recombination as described by Simonen et al. (2003) . The chimeric Nogo-A knockout mice were backcrossed to either Sv129 mice or BL/6 mice for at least 10 generations. The speed congenics strain marker analysis (Markel et al., 1997) was used during backcrossing. Speed congenic breeding, or marker-assisted congenic production, uses microsatellite markers to follow the inheritance of the chromosomal segments of each strain. Optimal breeder mice are selected by the highest level of markers for each strain. The mice used in the present study had a 100% pure C57BL/6 background according to their marker profile, and a Ͼ99% pure background for the 129X1/SvJ strain. PCR and Northern blots showed the absence of Nogo-A or truncated Nogo-A mRNAs (data not shown) . Western blots of brain and spinal cord lysates of wild-type, heterozygous, and homozygous Nogo-A knock-out animals showed the following results. (1) Protein levels for Nogo-A and -B were significantly different in the wild types of the two mouse strains: the Nogo-A protein level was approximately three times higher in the BL/6 wild types than in the Sv129 mice, whereas Nogo-B levels were approximately two times higher (Fig.  1) . (2) In the homozygous knock-outs, Nogo-A was absent as expected, and Nogo-B was upregulated threefold to fivefold (Fig.  1 ) in both strains. No significant differences between the two strains and the different genotypes could be seen for the very low Nogo-C levels (data not shown). The absence of Nogo-A was confirmed for its typical expression sites (CNS white matter, oligodendrocytes, and specific subtypes of neurons) by immunofluorescence. The results (data not shown) were identical to those described previously for the mixed-strain knock-out animals (Simonen et al., 2003). 
CST regeneration in injured adult spinal cord
The well defined spinal cord injury model of a partial microsurgical transection was used in adult 6-to 7-week-old mice. The dorsal columns containing the main CST, the dorsal part of the dorsal horn, and the dorsolateral funiculus (containing a minor CST component) were transected bilaterally in wild-type or homozygous Nogo-A knock-out mice of the Sv129 and the BL/6 strains. Two weeks after the lesion, the mice were analyzed histologically by evaluating complete sagittal section series of the half of the spinal cord containing the labeled CST. The analyzed region comprised the lesion site, 2-3 mm of spinal cord tissue rostral and 15 mm caudal to the lesion. Wild-type and homozygous knock-out animals were number coded, randomly mixed, and evaluated blindly for the entire experiment. Sprouting of the transected main CST axons rostral to the lesion was judged by two experienced observers using a 0 -3 point scoring scale. Regenerating axons were counted on every section for every animal on three levels: at 0.5, 2, and 5 mm caudal to the lesion. Because of the occasional occurrence of labeled CST axons in the ventral funiculus, which was spared by the lesion, regenerating axons had to fulfill the following criteria for being identified as regenerating and counted: no connection to possibly intact fibers in the ventral funiculus on serial sections; connection to fibers growing through/around the lesion area, often in a typical waving and irregular course on lateral or ventral tissue bridges; and frequent anatomically aberrant position outside of the original main CST territory, i.e., elongating over long distances in the gray matter or at the white matter/gray matter interface. Only animals with incomplete lesions of the main CST were excluded. Sprouting of the transected CST axons rostral to the lesion was moderate in the wild types ( Fig. 2 A, B,E) compared with the strong sprouting in Nogo-A knock-out littermates ( Fig. 2C-E) . Many of the sprouts ended close to or in the lesion scar. In the Nogo-A knock-out animals, fine fibers growing around the lesion, often on the tissue bridges of the lateral and ventral cord, and entering the caudal spinal cord were observed (Fig. 2C,D) . At the level of the lesion center, wild-type mice had no or only very few fibers in a minority of the animals. Nogo-A knock-out mice had more fibers crossing the lesion center in both strains. A very irregular course and a thin axon caliber were typical for these regenerating fibers (Fig. 2C ,D, 3B-F ). Long (Table continues) axons and axonal arbors could be observed in the spinal cord caudal of the lesion in most of the knock-out animals but only very rarely in the wild types (Fig. 3) . Fiber numbers increased with distance from the lesion, probably because of arborization (Fig. 3H ) . Interestingly, fiber numbers in the caudal spinal cord were twofold to fourfold higher in the Sv129 knock-out animals than in the BL/6 knock-out mice. Weaker and more variable regeneration enhancement was also seen in heterozygous knock-out mice of both strains (data not shown). The values of the individual animals plotted in Figure 3H show the large scatter that is typical for these experiments. The extent of secondary tissue damage and scarring and therefore the availability of conducive tissue bridges across the lesion varied from animal to animal. Although nonregenerating mice (mice showing no fibers caudal to the lesion) occurred in all of the groups, the percentage of successfully regenerating mice (animals showing CST fibers at two or three of the three counting levels) was clearly higher in the Nogo-A knock-out groups of both strains (Fig. 3G ).
Neurite outgrowth of newborn DRGs in vitro
To examine whether there are differences in the intrinsic capacity of neurite outgrowth between the two strains, we cultivated DRGs of newborn Sv129 and BL/6 wild-type mice for 3 d in presence of NGF and measured the following parameters: (1) the number of neurites per quadrant of DRG explant at a 200 m distance from the edge of the explant (Fig. 4 A, inset) , and (2) the average length of the three longest neurites of every explant. We measured DRGs of three independent experiments with at least 10 DRGs for each strain and experiment, and we only quantified DRGs of similar size and equal distribution of the grown neurites (Fig. 4 A, B) . In the Sv129 strain, the majority of the explants (Ͼ92%) grew Ͼ50 axons per quadrant, whereas only a very small proportion (14%) of the BL/6 DRGs showed such a high number of neurites (Fig. 4C) . The average length of the three longest neurites of every explant did not show a significant difference between the two strains (Fig. 4 D) .
Gene expression differences between Sv129 and BL/6 spinal cords
To identify genes that are differentially expressed in the spinal cords of Sv129 and BL/6 mice and that could account for the strain differences in the axonal growth re- sponse, we used GeneChip arrays on wildtype and knock-out spinal cords of naive, non-injured, and spinal cord injured animals. Analysis of the non-injured wildtype microarrays showed ϳ2100 differentially expressed transcripts (fold changes Ͼ1.5 or Ͻ0.66), of which ϳ940 were coding for known proteins. A total of 365 genes were differentially expressed Ͼ2-or Ͻ0.5-fold in Sv129 compared with BL/6 mice. A large proportion (36%) of these differentially regulated genes are associated with cytoskeletal functions (3.8%), neurite growth (3.6%) and guidance (1.4%), cell adhesion and extracellular matrix (ECM) (5.5%), synaptic function (1.9%), signaling (12.9%), and inflammatory and immune responses (7.1%) (Tables 1, 2). Analysis of the nonlesioned knock-out microarrays revealed similar numbers as in the wild types, with 930 genes regulated Ͼ1.5-or Ͻ0.66-fold and 314 genes regulated Ͼ2-or Ͻ0.5-fold. A total of 38.5% of these differentially regulated genes belonged to functional categories important for neurite outgrowth such as that shown for the wild types (Tables 1,  3 ). Interestingly, many of the neurite growth-related genes were expressed at higher levels in the Sv129 mice than in BL/6 spinal cords (Tables 2, 3 ). We then compared the spinal cord gene expression profiles of the two mouse strains 1 week after a spinal cord lesion. We identified many genes that were differentially regulated between the two strains independent of the analyzed genotype. In the wild-type lesioned animals, we found 757 (Table 2) and in the knock-out lesioned animals 682 ( Table 3 ) known genes that were differentially regulated Ͼ1.5-and Ͻ0.66-fold between the two strains. Table 1 shows the number of regulated genes and the percentage of genes belonging to each category depending on the analyzed condition and genotype. Interestingly, the categories but also a high number of single genes were regulated similarly in all conditions. A list of all regulated genes is provided in the supplemental table (available at www. jneurosci.org as supplemental material).
Macrophage invasion and scar formation
To study possible strain differences in the inflammatory reaction of the spinal cord to injury, we stained the sections of the nontraced side of the injured spinal cords with the antibody FA/11, which recognizes a membrane sialoglycoprotein highly expressed by activated macrophages and microglia (Rabinowitz and Gordon, 1991) . The astrocytic scar was visualized by im- (Table continues) munohistochemistry for GFAP. Activated microglia/macrophages carrying the FA/11 antigen filled the debris zone of the lesion center 2 weeks after injury and were also found in the surrounding tissue with pronounced differences between the two mouse strains and between wild-type and knock-out animals ( Fig. 5A-D) . The areas of tissue infiltrated with activated microglia/macrophages were scored by three blinded observers on three sections per animal for four to six animals per group. The results (Fig. 5E) show a conspicuous difference in macrophage recruitment between the Sv129 and the BL/6 strains: not only was the number of activated microglia/macrophages much lower in the Sv129 strain, but their FA/11 staining was also remarkably weaker, pointing toward a lower expression of this activation-specific antigen ( Fig. 5A-E) . In both strains, more microglia/macrophages were observed in the Nogo-A knock-out than in the wildtype animals ( Fig. 5A-E) . In contrast to the microglia/macrophage reaction, the astrocytic scar as reflected by the staining for GFAP was similar in the two mouse strains at this time point after lesion and not significantly enhanced in the Nogo-A knockout animals (Fig. 5F ).
Discussion
Partial transection of the spinal cord in Nogo-A knock-out mice with the pure strain backgrounds of 129X1/SvJ and C57BL/6 resulted in enhanced regenerative sprouting and long-distance regeneration compared with wild-type mice of the same strains. Surprisingly, Nogo-A knockout animals of the Sv129 strain had two to four times higher numbers of fibers regenerating caudal to the lesion than the knock-out animals of the BL/6 strain. A higher endogenous neurite growth potential of the Sv129 strain was also demonstrated by the higher number of DRG neurites growing from ganglion explants in culture, as well as by RNA profiling of noninjured but also lesioned adult spinal cord tissue: Sv129 mice showed stronger endogenous expression of many neurite growth-related genes when compared with spinal cords of BL/6 mice. Important differences of the two mouse strains were also observed in the posttraumatic inflammatory reaction.
The importance of Nogo-A as a physiological inhibitor of neurite growth in the adult CNS of higher vertebrates was for a long time based on the in vivo effects of neutralizing monoclonal antibodies (Schwab, 2004; Liebscher et al., 2005) , which showed enhancement of regenera- tive and compensatory fiber growth and increased functional recovery. A confusing situation arose, however, when three papers (Kim et al., 2003; Simonen et al., 2003; Zheng et al., 2003) describing independently generated lines of Nogo knock-out mice came to partially divergent results. The scatter in the data were large in all the three studies, and all of them used early F2/F3 generations of chimeric mice originating from Sv129 recombined ES cells implanted into BL/6 blastocysts. None of the three laboratories has determined the proportions of the strain-specific genomes in their mouse lines.
The present results show two remarkable features compared with these previous studies. (1) The Nogo-A-deleted mice in both of the pure backgrounds showed clear enhancement of CST regeneration within 2 weeks after lesion in adult mice. The scatter among the individual animals within each group was large, but this is typical for partial spinal cord lesions in which the detailed anatomy of the lesion and the availability of tissue bridges vary from animal to animal because of ischemia, bleeding, and secondary tissue loss.
(2) Regenerative growth and arborization of CST fibers was two to four times higher in the Sv129 Nogo-A knock-out mice than in the BL/6 background. This result is in line with a previous observation showing the occurrence of local sprouting of primary afferent nociceptive fibers caudal to a spinal cord lesion in Sv129 but not in BL/6 mice (Jacob et al., 2003) . The present data therefore clearly show a major regeneration-enhancing effect of Nogo-A deletion in mice and a strong influence of the genetic background. If we take into account that even the best tracing techniques only stain a few percent of the total number of axons in the CST and that the mice used in this study had a mean number of 1100 Ϯ 339 (mean Ϯ SD; n ϭ 14) labeled CST fibers, then the numbers observed correspond to 5-15% of all traced CST fibers. This is well in line with regeneration results using antibodies or Nogo-blocking peptides (Schwab, 2004) .
Many strain differences have been observed between inbred mouse strains. Sv129 strains have been studied extensively because of their widespread use as donors of ES cells. The following properties of Sv129 mice are remarkable in the context of the present regeneration results: Sv129 mice have lower endogenous Nogo-A and Nogo-B levels than BL/6 mice. Sv129 DRG explants grow a higher number of axons within 3 d in vitro compared with BL/6 DRGs. In line with these Differentially regulated genes (Sv129 compared with BL/6) belonging to the categories cytoskeleton, neurite growth and guidance, ECM/cell adhesion, immune response, myelin, synaptic function, and signaling, which show fold changes Ͼ2 or Ͻ0.5 (regulated genes 1 week after lesion in bold). A list of all of the regulated genes (also categories metabolism, RNA and DNA related, protein synthesis, proteolysis, channels/transporters/carriers, cell cycle, stress related, endocytosis, and transport) with fold changes Ͼ1.5 or Ͻ0.66 are shown in the supplemental table (available at www.jneurosci.org as supplemental material). CLIP, Cytoplasmic linker protein; EGF, epidermal growth factor; Eph, ephrin; IAP, inhibitor of apoptosis; IRRE, irregular chiasm; LIM, Lin-11/Isl-1/ Mec-3; PDZ, postsynaptic density 95/Discs large/zona occludens-1; REC8, recombination 8; Sema, semaphorin; SH3, Src homology 3; UBX, ubiquitin-like.
findings, Sv129 mice express higher mRNA levels of a number of neurite growth-related genes in the adult spinal cord. Sv129 mice show a lower level of inflammatory cell recruitment after thioglycolate injection into the peritoneum (White et al., 2002) . After spinal cord contusion, the initial lesion development and macrophage number was identical in 129X1/SvJ and C57BL/6 mice, but, at 2 weeks after injury, the Sv129 mice were observed to have less inflammation, more astrocytes and Schwann cells migrating into the lesion, less chondroitin sulfate proteoglycans, more laminin, and also more serotonergic (central) and calcitonin gene-related peptide-positive (peripheral) axons within the lesion (Ma et al., 2004) . These results are in good agreement with the observations on microglia/macrophage recruitment made in the present study. Interestingly, the enhanced activation of microglia/macrophages in knockouts of the BL/6 strain correlates with the higher sprouting score in these mice. It has been shown that the molecular mechanism of sprouting rostral to a lesion is involving neurotrophic factors such as BDNF and glial cell line-derived neurotrophic factor, which are produced by activated macrophages and microglia as a local trophic gradient increasing toward the lesion center (Batchelor et al., 2000 (Batchelor et al., , 2002 . A lower level of inflammatory reactions in Sv129 mice is also reflected by the fact that these mice are resistant to experimental allergic encephalomyelitis induced by myelin oligodendrocyte glycoprotein, in contrast to BL/6 mice, which mount a severe, progressing disease (Willenborg et al., 1996) . All of these data clearly show the big differences between Sv129 and BL/6 mice in a number of parameters that may be relevant to neurite growth, regeneration, and circuit rearrangement after spinal cord lesions. We hypothesize that the contradictory results obtained in the previous Nogo knock-out studies are attributable to specific properties of the mouse lines used, in particular their specific composition and mixture of background genes. The fact that the Nogo-A,-B,-C knock-out line used by one of the laboratories originated from a single animal that escaped lethality (Zheng et al., 2003) already demonstrates drastically how background genes can influence the outcome of gene deletions. For a better understanding of the strain differences in regeneration capacity of the two Nogo-A knock-outs, we performed gene expression microarray analyses on spinal cords of Sv129 and BL/6 wild-type and knock-out animals. To study the en- (Table continues) dogenous, strain-specific capacity of these animals to regenerate, in the absence of the very complex gene expression changes induced by the lesion, we first used naive, non-injured animals. The results show, independent of the genotype, higher mRNA levels in adult Sv129 mice for a remarkable number of genes involved in neurite growth, axonal guidance, cell adhesion, and synapse formation and function. The lower intrinsic growth capacity of BL/6 mice, in turn, could well explain why regeneration was much more difficult to detect if chimeric mice have a high proportion of BL/6 genetic background. To better understand potential differences in repair capacity of animals of the two different strains, we also performed a gene chip experiment between Sv129 and BL/6 spinal cords 1 week after a spinal cord injury. Again, the same functional categories of differentially expressed genes in the Sv129 versus the BL/6 mice were observed as in the intact spinal cords.
Many of the differentially expressed genes in Sv129 versus BL/6, independent of the genotype (wild type or Nogo-A knock-out) or presence or absence of a spinal cord lesion belong to functional categories such as signaling, cytoskeleton, growth and trophic factors, extracellular matrix, guidance, synapse formation, and maintenance. Signaling molecules such as the small GTPases and the mitogenactivated protein kinases, which are differentially expressed between the two strains, are known to play a role in growth of neurites and cytoskeletal dynamics. Interesting differences in cytoskeletal proteins were seen for tubulins and troponins, the actin regulator Gelsolin (downregulated in Sv129), or the cytoplasmic linkerassociated proteins (CLASPs) that are involved in stabilizing microtubules in neuronal growth cones (upregulated in Sv129). Growth-promoting substrates such as laminins and neural cell adhesion molecules were upregulated in the Sv129 knock-out spinal cords after the lesion. Strain-specific differential expression was also seen for axonal guidance molecules, such as ephrins and semaphorins, and their receptors (ephrins, netrins, slits, deleted in colorectal cancer), which were mainly upregulated in the Sv129 strain. In addition to neurite growth-associated components, we also observed strain differences in many synaptic mRNAs, e.g., synaptotagmins, syntaxins, soluble N-ethylmaleimide-sensitive factor attached proteins, and Piccolo. These distinct patterns of gene expression support the hypothesis that a higher endogenous neurite growth capacity of the adult Sv129 CNS could lead to the higher numbers of regenerating CST fibers observed in the injured spinal cord of Sv129 Nogo-A knockout compared with the BL/6 mice.
In conclusion, comparison of the Sv129 to BL/6 mice showed a surprising difference in neurite growth capacity, both in vivo in the injured spinal cord under the growth-permissive conditions of Nogo-A deletion and in vitro for newborn wildtype DRG neurons. Differences in gene expression levels of the intact or lesioned adult spinal cord mirror the strain difference in neurite growth capacity, suggesting underlying genetic differences in regulatory factors. The present results also demonstrate the importance of Nogo-A as an in vivo inhibitor of neurite growth and regeneration in the spinal cord. The regeneration obtained in the knock-out mice closely resemble the results obtained with acute treatments with neutralizing antibodies in the rat (Schwab, 2004; Liebscher et al., 2005) . These findings on important genetic differences in neurite growth and regeneration may be relevant for studies of nervous system development and repair in experimental animals, as well as in humans. Differentially regulated genes (Sv129 compared with BL/6) belonging to the categories cytoskeleton, neurite growth and guidance, ECM/cell adhesion, immune response, myelin, synaptic function, and signaling, which show fold changes Ͼ2 or Ͻ0.5 (regulated genes 1 week after lesion in bold). CLIP, Cytoplasmic linker protein; EGF, epidermal growth factor; Eph, ephrin; IAP, inhibitor of apoptosis; IL2, interleukin 2; IRRE, irregular chiasm; L1CAM, L1 cell adhesion molecule; LIM, Lin-11/Isl-1/Mec-3; MAD, max dimerization protein; PDZ, postsynaptic density 95/Discs large/zona occludens-1; REC8, recombination 8; Sema, semaphorin; SH3, Src homology 3; TAP, tapasin precursor; TRAF, tumor necrosis factor receptor-associated factor; UBX, ubiquitin-like.
